Atorvastatin is a lipid lowering agent and widely used to treat hypercholestermia. However following oral administration, the bioavailability of the drug is only 12% due to extensive first pass metabolism. The aim of the current research was to formulate ATO-transdermal patches utilizing various polymers combinations. Hydroxypropyl methylcellulose with either eudragit RS100 or Polyvinylpyrrolidone were mixed in different ratios, in presence of polyethylene glycol 400 as plasticizer. The patches were prepared by solvent evaporation method. Physicomechanical parameters such as, drug content, patch thickness, tensile strength, moisture loss and moisture gained were evaluated. Additionally drug excipient compatibility was assessed by FTIR and DSC. In vitro drug release was measured in phosphate buffer pH 7.4 at 37 °C. Finally, biochemical evaluation of the best formulae was evaluated on hyperlipidemic-induced rats. The results indicated that, Hydroxypropyl methylcellulose: Polyvinylpyrrolidone in a ratio of 3:1 showed the most appropriate physicomechanical characters with confirmed physical and chemical drug-polymer compatibility. In addition, the in-vitro experiment showed enhanced atorvastatin release over 24 hr. The pharmacological evaluation of F2 formula indicated a significant hypolibedimic effect compared to orally administered atorvastatin. The results revealed that, atorvastatin transdermal patch could be considered as promising drug delivery system for hyperlipidemic patients.
INTRODUCTION
Hyperlipidemia is one of the greatest risk factors contributing to the prevalence and severity of coronary heart diseases (CHDs). 1 Hyperlipidemia is characterized by elevated serum total cholesterol (TC), low density lipoprotein (LDL) and decreased high density lipoprotein (HDL) levels. Hypercholesterolemia and hypertriglyceridemia are closely related to ischemic heart disease and considered as a primary cause of death. 2 One of the best choices for treatment of hyperlipidemia is atorvastatin (ATO), which is a statin analogue used as lipid lowering-agent and widely used to treat hypercholesterolemia and it is a potent inhibitor of HMG-CoA reductase. ATO belongs to the Biopharmaceutical Classification System-II (BCS-II) (i.e., drug with low aqueous solubility and high permeability). 3 It is insoluble in aqueous media and freely soluble in methanol. It has molecular weight 1209.42 and melting point ranged between 159˚c and 160˚c. It is weakly acidic with Pka 4.46, hydrophobic and has aqueous solubility of 0. 63 mg/L. Following oral administration ATO has extensive first pass metabolism resulting in poor oral bioavailability (12%). 4 ATO is available commercially as 10mg, 20mg, 40mg, and 80mg orally administered tablets. However, several drawbacks raised following oral administration of ATO, such as, muscle pain accompanying the administration of large doses, stomach upset and gastric irritation. 5 Therefore, exploring alternative route of administration of ATO, could enhance the patient compliance by reducing the previously mentioned side effects. Transdermal drug delivery system (TDDS) could be considered as superior alternative route to oral drug delivery. TDDS has been designed to provide controlled continuous delivery of drugs via the skin to the systemic circulation and provides a means to sustain drug release. 6 TDDS can avoid several drawbacks of oral administration such as, first-pass elimination by the liver, hydrolytic effect of GIT juices and GIT irritation caused by drugs. Patches are considered as one of the best formulations belongs to TDDS. Patches can be defined as a flexible, medicated adhesive of varying size containing one or more drug substances that is placed on the skin to deliver a specific dose into systemic circulation. 7 The aim of this study was to formulate ATO in suitable transdermal patches as an alternative route of drug administration having sustained effect, enhancing patient compliance and avoiding oral administration drawbacks. Physicomechanical evaluation, physical and chemical compatibility and in vitro drug release will be evaluated. Finally, pharmacological activity of the best formulae will be assessed on hyperlipidemic induced animal.
Materials and Methods
Atorvastatin calcium, Hydroxypropyl methylcellulose HPMC (50 cP), Eudragit RS 100 and Polyvinylpyrrolidone (PVP) 30K, kindly supplied by Saudi Pharmaceutical Industries & Medical Appliances Corporation (SPIMACO), KSA. Cellulose membrane, M.W., cut off 12000-14000 (Fisher Scientific; Pittsburgh, PA, U.S.A). Total cholesterol, triglycerides, and HDL-cholesterol kits were purchased from United Diagnostic Industry, Dammam, KSA. Cholesterol powder was purchased from Sigma Chemicals, St. Louis, MO, USA. Sodium cholate obtained from Himedia Laboratories. The remaining chemicals used were analytical grade and obtained from local distribution agent in KSA.
Preparation of ATO loaded patches
In this study, ATO loaded patches were prepared by solvent evaporation method. Glass plates with diameter of 7 cm and total area of 38.5 cm 2 were used. The polymers were accurately weighed and dissolved in 8 ml of dichloromethane: methanol (4:1), by the aid of mechanical stirrer 50 rpm for 10 minutes to form a clear solution, and kept a side. ATO, PEG 400 and dimethyl sulfoxide (DMSO) were added to the above clear solution and mixed for 10 min using mechanical stirrer. The resulted uniform solution was poured into the glass plate and dried at 40 ºC in the hot air oven for 24 hr. The dried patches was taken out, wrapped in aluminum foil and stored in a desiccator for next studies. Compositions of different formulations are shown in Table (1) .
Evaluation of transdermal patches

Physicomechanical evaluation
Physical examination
Transdermal patches were visually inspected for their color, clarity, flexibility, homogeneity and smoothness. Unfortunately, formulations F4 and F8 were not formed, as they were very dry and very thin, that could be attributed to lower HPMC percentage.
Thickness
A digital caliper (Electronic digital Caliber, AHK, Germany) was used to measure the thickness at three different positions on the same patch of each formulation. 8 
Folding endurance
A strip of specific area 2 cm × 2 cm (4 cm 2 ) was folded at the same place several times until a visible crack was observed and then broke. The value of folding endurance is the number of times the patch could be folded without breaking. 
Tensile strength
Universal tensile strength apparatus (Hounsfield, slinfold, Horsham, UK) was used to measure the patches' tensile strength. The test patches were cut into strips of 1 cm width and 6 cm length, and were fixed between the machine grips. Force was gradually applied till the patch broke. The tensile load of the patch was taken directly from the dial reading in kg. Tensile strength is calculated as follows:
Tensile strength = Tensile load at break/ Cross section area
Weight uniformity
Weight uniformity was done by weighing 3 different patches of the same formulation. All the patches, selected randomly, should be uniform in size (1cm × 1cm).
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Moisture uptake 4 cm 2 patches were weighed separately and kept at 80-90 % relative humidity using saturated solution of potassium chloride in desiccators. 11 Three days later; the patches were taken out and weighed. The percentage of moisture uptake was calculated as given below : % Moisture uptake = [Final weight -Initial weight/
Initial weight] x 100
Moisture loss 4 cm 2 patches were weighed separately and kept in a desiccators containing calcium chloride at room temperature for 24 hr. The patches were weighed again after 3 days. 12 The percent moisture content was calculated by following formula:
Final weight] x 100
Drug content
A 100 ml graduated flask containing phosphate buffer pH 7.4 was used to asses the ATO content. 1 cm 2 patch was added to the flask and shaked for 4 hr in a mechanical shaker. The resulted solution was filtered, diluted with phosphate buffer pH 7.4 and examined for the drug content. A blank solution consisting of the placebo patches was used. The drug was estimated at λmax 246 nm and the drug content was calculated. 
Drug-excipient compatibility studies
Fourier transforms infrared spectroscopy (FTIR) studies:
In order to investigate any possible chemical interaction between the drug and the polymers, FTIR spectrophotometer (FTIR-800, Shimadzu, Japan) was used. ATO solely or in combination with the polymers under investigation were comprised into small discs with the aid of KBr and spectra were recorded in the frequency range from 4000 to 400 cm -1 . 14 Differential scanning calorimetry (DSC) studies 5 mg of pure ATO or physical mixture of ATO and the polymers under investigation were sealed in flat-bottom aluminum pans, and the temperature increased from 25 to 300°C in nitrogen atmosphere at flow rate of (30 ml/min).
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In vitro drug release
A modified Franz diffusion cell with a receptor compartment capacity of 50 ml was used for in vitro drug release studies. The donor and receptor compartment of the diffusion cell were separated by synthetic cellophane membrane. One cm 2 of the formulated patches were placed over an adhesive tape, covered by the cellophane membrane and attached to glass holder. The receptor compartment of the diffusion cell were filled with phosphate buffer pH 7.4. The temperature was maintained at 37 ºC. Two ml samples were withdrawn at time interval of 0.5, 1, 2, 4, 6, 8, 12 and 24 hr, analyzed for drug content spectrophotometrically at λ max 246 nm against blank.
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In vivo studies
Animals
Male Wister rats weighing (200 ± 25 gm) were obtained from collage of veterinary medicine, Zagazig University, animal breeding center, Egypt and treated according to ethical committee of animal handling in Zagazig University "ECAHZU". The animals were kept in an environmentally controlled room maintained at 23±1˚C and housed in well-ventilated large spacious polypropylene cages with 12h light/dark cycle throughout the experimental period. Animals were maintained on high fat diet (standard rodent pellet diet supplemented with 8% butter, 0.2% sodium cholate and 5% cholesterol) for four weeks to prepare hyperlipidemia animal model.
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Experimental design
At the beginning of the experiment, blood samples were collected by retro-orbital sinus puncture using capillary tubes under diethyl ether anesthesia from all animals after 12 hr fasting to determine lipid profile. Serum was separated by centrifugation at 3000 rpm rotation for 10 min, and the serum obtained was stored at -20 º C until analysis. After four weeks on the high fat diet, blood samples were taken again from all animals to exclude rats having normal lipid profile. Animals were classified into five groups. Group 1 (G1) normal rats on normal diet, group 2 (G2) non treated hyperlipidemic rats, group 3 (G3) orally treated hyperlipidemic rats with 10 mg/kg ATO, group 4 (G4) received patches formulation number 2 contain 10mg/kg ATO and group 5 (G5) received patches formulation number 2 contain 20 mg/kg ATO. The patches ware replaced every day for two weeks. Back dorsal of rats in groups G4 and G5 was removed using shaving machine first then completely cleaned by a razor as shown in Figure 3 .
Determination of lipid profile
Serum levels of total cholesterol were measured by an enzymatic method based on the hydrogen peroxide produced during the oxidation of cholesterol is used in conjunction with peroxidase, 4-aminoantipyrine and phenol to form a quinoneimine dye that absorbs light which is measured.
17 HDL-cholesterol determined by precipitating (LDL and VLDL) by phosphotungestic acid and magnesium chloride reagent. The HDL fraction remained in the supernatant is treated as a sample of cholesterol. Serum levels of triglycerides were determined by hydrolysis of TG by lipase. The glycerol concentration is then determined by enzymatic assay coupled with Trinder reaction that terminates in the formation of a quinoneimine dye. The amount of the dye formed, determined by its absorption at 505 nm is directly proportional to the concentration of TG present in the sample. [18] [19] LDL-cholesterol was calculated by the Friedwald's formula: LDL-cholesterol = total cholesterol − (HDL-cholesterol) − (triglycerides/5).
20
Statistical analysis
Data were expressed as mean ± standard deviation (SD) for five animals in each group. Statistically significant differences between the groups were determined by means of one way ANOVA followed by Turkey's multiple comparison test. In all cases probability values of p < 0.05 were taken as statistically significant.
RESULTS AND DISCUSSION
The transdermal patches were prepared by solvent evaporation techniques, where the polymers were dissolved in the selected solvent and ATO was mixed homogenously. The visual examination was performed on ATO transdermal patches, where smooth, flexible and transparent patches were obtained.
Physical and Chemical compatibilities
The possibility of physical interaction between the ATO and the polymers under investigation were detected through DSC technology. DSC thermogram of pure ATO showed one endothermic peak at 160 ˚C corresponding to the melting point of the ATO as shown in Figure 1 . Physical mixture of ATO, HPMC and PVP showed endothermic peaks at 157 ºC and a broad peak at 75 ºC as shown in Figure 1 -A. Additionally, the physical mixture of ATO, HPMC and RS100 showed only one endothermic peak at 160 ºC, Figure 1 -B. The previous results indicated that, the characteristic peaks of ATO appeared in the physical mixture of both formulations confirming good physical compatibility. Furthermore, the possibility of any chemical interactions among the drug and the polymers under investigation was confirmed by FTIR technique. The results obtained from pure ATO is shown in Figure 2 , physical mixture of polymers with and without ATO were studied. The characteristic peaks of ATO were observed at the regions of 3360 cm , due to the O-H stretching, N-H stretching and the -C=O stretch respectively. At finger print region, peaks were recognized at, 1315 cm -1 and 1215 cm -1 for C-O stretching and for C-N stretching indicating the purity of the drug. The finger print spectrum of the drug was always present when mixing the drug with polymers under investigations. A possibility of hydrogen pond formation was observed through broaden of O-H bond of HPMC and N-H group of ATO as shown in Figure 2 -A. The presence of RS100 did not result in significant interactions, where their characteristics peaks of ATO were always present, Figure 2 -B. In conclusion, FTIR results indicated no significant interaction between drug and polymers under investigation.
Physicomechanical evaluation of transdermal patches
The physicomechanical characteristics of the prepared patches are shown in (Table 2) 
In vitro release studies
The in vitro release studies were carried out using modified Franz diffusion method to demonstrate the most proper formula capable of sustaining the drug release up to 24 hr. The percentage of ATO released from transdermal patches against time is shown in Figure 4 , the ATO released from the prepared formulations could be arranged in ascending order as follow: F1>F2>F3>F5>F6>F7, with release percentage of 98.86%, 82.66%, 48.87%, 44.73%, 43.71% and 36.51 % respectively. The results indicated that the release of ATO from formulations containing PVP, F1-F3, decreased by increasing the amount of the PVP where in F1 (HPMC/PVP, 350:50), showed the highest ATO released about 98.86% after 24 hr and F3 (HPMC/PVP, 250:150), showed reduction in ATO released about 48.87%, after 24 hr. Similarly, addition of RS100 to HPMC resulted in decreasing the percentage of ATO released. As shown in Figure 4 , F5 (HPMC/RS100, 350:50), showed ATO released about 44.73% after 24 hr and F7 (HPMC/RS100, 250:150), showed the lowest ATO released about 36.51%, after 24 hr. The previous result could be attributed to the solubility of HPMC in the diffusion medium resulting in higher partitioning of drug between hydrophilic polymer and diffusion medium. Additionally, the burst effect of PVP resulted in faster drug release of drug from patches containing PVP. On the contrary, addition of eudragit RS 100 resulted in reduction of drug release that could be attributed to low water permeability compared to the rest of polymers. [8] [9] 22 According to the previous data, the optimum sustained release profiles were obtained from F2 (HPMC/PVP, 300:100). Therefore, F2 was selected for further in-vivo studies.
In vivo evaluation
In order to investigate the in vivo effect of ATO containing patches, hyperlipidemic rats were used. As shown in Table 3 , four weeks on high fat diet significantly increased (P< 0.001) the total cholesterol in comparison to the normal rats (G 1). Administration of 10mg/kg ATO orally (G3) or in patches 10mg/kg ATO and 20mg/kg, groups G4 and G5 respectively, significantly (P< 0.01) reduced the total cholesterol in comparison to non treated group (G2). However there is no significant difference was found between (G3) and (G4). In addition, groups G3, G4 and G5 showed significant reduction on the TG level (P< 0.001) in comparison to the G2 group. Interestingly, there is no significant difference between G3 and G4, however there is significant difference between G4 and G5 concerning TG. Level (P< 0.01). LDL levels was reduced significantly (P< 0.01) in both groups G3 and G5 and significantly (P< 0.05) in group G4 in comparison to group G2. The levels of HDL showed insignificant changes in all groups compared to the non treated group G1, which could be attributed to the very short duration of treatment (only two weeks).
The previous results opened the area for further investigations concerning the addition of several absorption enhancers that my result in more enhancing in the drug absorption.
CONCLUSION
ATO loaded transdermal patches were successfully formulated with different polymeric mixtures. ATO loaded patches showed good chemical and physical compatibility with accepted physicomechanical parameters. In vitro drug release of the prepared patches showed sustained release effect over 24 hr. In vivo evaluation of the best selected formulation (HPMC/PVP, 300:100) showed significant reduction of total cholesterol, triglycerides and LDL levels. Considering the study outcomes, ATO loaded patches showed promising results on laboratory animals that could motivate further research on human, in order to be used effectively and enhance patient's compliance.
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